The present investigation was undertaken to characterize the effect of L-aspartate on the stability of the enzyme.
MATERIALS AND METHODS
L-Asparaginase was prepared from Escherichia coli A-1-3 as previously reported.5)
The enzyme activity was determined by measuring the amount of ammonia formed with nesslerization in the standard assay system,5) unless otherwise specified. 
RESULTS
Protective effects of some amino acids on acidic inactivation of L-asparaginase Since L-asparagine, the substrate, protects L-asparaginase from E. coli A-1-3 against acid inactivation,5) some compounds related to L-asparagine were examined for their protective effect. As shown in Table I , only 26.4% of the original activity remained after the acidic incubation of the enzyme in the absence of amino acids. The enzyme solutions containing L-aspartate or L-aspara gine retained about 90% of the original activity, and D-aspartate showed a weak protective effect. Other amino acids did not exhibit comparable positive effect. The effects of L-aspartate and L-asparagine on acidic inactivation were compared at pH 2.8, at which the enzymatic hydrolysis of L-aspara gine was expected to be negligible. The result (Table II) suggests that the protection against acidic inactivation was effected by L-aspartate but not by L-asparagine, the substrate of the enzyme.
The effects of L-aspartate on the stability of the enzyme at various pH are shown in Fig. 1 .
L-Aspartate showed a very weak protection at alkaline pH.
Effects of L-aspartate on chromatographic behaviors of L-asparaginase L-Aspartate was proved useful to stabilize the enzyme in CM Sephadex column chromato graphy. When L-asparaginase was applied on a CM Sephadex column equilibrated with acetate buffer of pH 5.0, and was eluted with the same buffer using a linear concentration gradient of sodium chloride, the enzyme activity was recovered in a yield of about 50% ( Fig. 2A) . On the other hand, when the enzyme was dialyzed against the acetate buffer containing 10mM L-aspartate, and applied on a CM Sephadex column equilibrated with the same buffer, the enzyme activity was not absorbed on the column but was washed out with the buffer containing L-aspartate in a yield of 93% (Fig. 2B ).
The differences between the elution profiles and the yields of the enzyme were obviously caused by the addition of L-aspartate to the buffer because these phenomena were observed solely with the asparaginase protein.
L-Glutamate did not show the similar effects. Inhibition of proteolytic inactivation by Laspartate. Table III . In both cases, the reduced activities were recovered up to the original levels by removing methanol.
Similar results were obtained with urea (Table III) . The enzyme activity was com pletely recovered when urea was removed by dialysis. The assay mixtures in which methanol (10mM) or urea (4 or 8M) were added to the usual assay mixture (22mM L-asparagine in 0.1M phosphate buffer pH 8.0) were used in the assay. Other condi tions were the same as in the usual enzyme assay. The sedimentation pattern of the enzyme in the absence of L-aspartate was very similar to the pattern, obtained in the presence of Laspartate. In both cases, two peaks were observed; the fast sedimenting peak obtained in the presence of L-aspartate was calculated to be 7.6s and that in the absence of L-aspartate 7.5s and the slowly sedimenting peaks were calculated to be 2.5s in both cases. The 7.5s peak appears to represent the native enzyme and the 2.5s peak its dissociated components, respectively. The relative concentrations of the two peaks were approximated by integrat ing the areas under the two schlieren peaks and the 7 .6s components were estimated to constitute 58.4% of the total proteins in the presence of L-aspartate and 62.7% in its absence. The difference between these values appears negligible . The upper schlieren pattern (A) was ob tained by sedimenting L-asparaginase in 50mM acetate buffer of pH 3.5 containing L-aspartate; the lower pattern (B) was in the acetate buffer not containing the amino acid. Both were very similar. The sedimentation coefficients of the main peaks were 6.3s (A) and 6.2s (B) and those of the minor peaks were roughly estimated to be 2.5s (A) and 2.6s (B), re spectively.
The rapid sedimenting compo nents in both systems probably represented the native enzyme protein, though the question remained on the difference between s values of the native enzyme (about 7s) and of the acid treated enzyme (6.2s). The slow sedimenting components appeared to correspond to the dissociated form. There was no distinguish able difference in the ratios of the area of the main component to that of the minor compo nent between the two systems. Consequently, the effects of L-asparagine5) in the protection against in activation and in the profiles of the DEAE cellulose chromatography could be attributed to L-aspartate which was formed from the added L-asparagine during the treatment. These protective actions of L-aspartate were also observed with the enzymes from Serratia marcesens12) and Proteus vulgaris13) and ap peared to be common to microbial L-aspara ginases (EC 2). On the mode of interaction between L-asparagi nase and L-aspartate
In the presence of L-aspartate L-asparaginase was not absorbed on CM Sephadex column, but it was absorbed more tightly on DEAE cellulose column.
This means that in the presence of L-aspartate, L-asparaginase behaved in the chromatographic characteristics as if it has got negative charge.
The interaction between L-aspartate and L-asparaginase seems to be highly specific and to relate closely to the protective action of L-aspartate. The binding force between the two was thought to be ionic from the above results. It appears, however, to be weak, because the protective action of L-aspartate was easily lost by a high concentration of sodium chloride (0.5M).
Subunit nature and the effect of L-aspartate on it
A variety of evidences15,16) such as sedimen tation studies, SDS gel electrophoresis, the stoichiometry of binding of DONV to the enzyme,17) electron microscopy18) and Xray crystallography19) have supported the tetra meric structure of E. coli L-asparaginase. This is one of the problems to be solved.
